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ABSTRACT : PROBLEM TO BE SOLVED: To provide a high strength thin steel sheet combining the 
good balancing characteristics of strength-elongation of TSxEl of 21 ,000 MPa.% or more 
and YR of 70% or less and a low yield ratio. 

SOLUTION: In this thin steel sheet having a composition containing, by mass, 0.05 to 
0.25% C, 0.1 to 2.0% Si 0.5 to 2.0% Mn, 0.05 to 0.3% Ti and <0.10% Al, and the balance 
Fe with inevitable impurities and a steel structure composed of the main phase consisting 
of polygonal ferrite and a second phase consisting of martensite and/or retained austenite, 
the average crystal grain diameter of the polygonal ferrite is controlled to 0.8 to 2.5 |j,m, 
moreover, the second phase is distributed so as to be reticulately connected to the grain 
boundary of the polygonal ferrite, moreover, the occupying volume rate of the second 
phase is controlled to 5 voi.% or more, and the width of the second phase is controlled to 
0.4 |im or less on the average. 
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[pai TSXEl;6i' 21000 MPa • %Jil±T\ A^-OYR^^TO 

[M^^f53 C : 0.05M).25%. Si : 

0.1 ~2.0 %. Mn : 0.5-2.0 %. Ti : 0.05-0.3 %fe 

j;l.«'Al : 0.lO%Iii.T^-ir*L . mu^^UXlPf^im 

^ -^X . ±IB*^ U r?-^;lx:7 x 9 ^ b c7)^±^ftH^aSfS* 0 . 8 

^hi^z±.mm2m<DmMi:5 voi,%i^JLh. 20voi 
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C : 0.05-0.25%. 
Si : 0.1 -2.0 %. 
Mn:0.5 ~2.0 
Ti : 0.05-0.3 %}5XU 
Al : 0.10%iyT 

iiixf/tfz\mm~y^^^A hi 0^:1.112*1^*^ 

iBII2*BOAa$*i"5 vol%KLJb, 20vol%OT-C. 

O±iam2ffli0fsW^T- 0.4/.ira mTT'SS^^ 

1 %jy.T. 

V :0.5 %l:i.T. 
P : 0.05%mT. 

1.0 %m. 

Mo: 1.0 %J.:J[T. 
1.0 %mT. 

1.0 %mmxf 
0.00002 -0.01% 

mm. 3 ] If *il \tfz\il (.= jo I >T . PM^rat 

C : 0.05-0.25%. 
Si : 0.1 -2.0 %. 
Mn:0.5 -2.0 %. 
Ti : 0.05-0.3 %*3j;t/" 
Al : 0.10%IJIT 

Nb:0.1 %m. 

V :0.5 %OT. 
P :0.05%iy.T. 
Cu: 1.0 %m. 
Mo: 1.0 %J.:i.T. 
Ni :1.0 %OT. 
Cr:1.0 %mTiSj:l.*^ 
B : 0.00002 -0.01% 



t^^mmih \m.fz\t2m)±x '9^i.^2fflt*^^. 

0 . ±IE'-K'J r/'+zU^i 7>f 0. s 

VQ/m±.(r}^^-Mm: 730-780 r.iO?^gjEllST-J[] 

f^L. im«iM-j3V^Tl-20?:^fBlffi5fL. ?l*^l= 
TIBtO^T-^t 1. MsjSlilTt T 5 r./sJ.:).±i7)^i^ita]^ 

.gT'<^ii]-ri.;i:^!itig!>-ri., mmzmmmj7)'&. 
ifi 

CO = 561- 474- (C%) -33 -Mn (%) -17- 
Ni (%) 

-17 -Cr (%) -21 -Mo (%) 

[if^:© 5 ] mm. 4 (cfc I >T . ?^a]^!T -3 inf. 

fc. ±iB^ail^^ 450-500 'CT20-60#fBlffiSLT. 
[000 1] 
[0002] 

c t ff^ib htih . c o i '3 ^ @ mx-mt-^ fifm t L. 

7x9-f hir-^yl^ry-y-^ h$±*j:t--I.Sii5a: 

[0003] ±fBtosi<?) Dpmii. mikm^ ( = 

l^f^5§$YS/5l5i^§TS) xlOO ;&i70%l:JTtfS<. 

mmmz},imjtihh(^(^. w&ct^^xtr i p^j: o 

^0, ^O^Jgi:®tti;<^A-7>;^ (TSXEl) 19000 
MPa • Xn&ifim^^Xh^fz. -Ii. TR I PMii. ^ 

mmz-m^yi--x'fi--^ hti^-?)i^y^^ hiz^mrt^ 

:ibX'mm&^^h. ISXEW 20000 MPa - %^mth 
[0004] mm. #IH¥3 -10049 ^^m\<z\i. 

c. Si, nn^m^\mtLx^-^^mi. st^iso 
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%ii}±. sm^7-<s>m : 780 ~-9oo 'CTmmit±&m 

X350 -500 VX-m'SRh ^tizX^. ^ 0 dti-)Vy X ^ 

mm-CU. TSXEl=20000MPa • ^mS^^Jj^t" 

[00 0 5] tti^ #^¥9 -104947-^-i^fB(C{±. TSX 
T. El S 2000 kgf/min2 • % (19600MPa ■ %) t § 

tlx. C : 0. 05-^0. 15**%. Si : 0.5 ~3.0 fi« 

Mn : 0.5 -3.0 a«%. P^O.OmA%. SSO.Ol 
Al : 0.005 -^A0mM.%i5XX/¥e^iS^7Tft 

rs -50-Ar3 +50X:<?)iEffli: LT:^BET$>&*80%m±O 
tt±E®^ffVv. j±±SmmT^. l^i%mhMi2 

K-Y-^i S^^-Xr^^ hc7)3fflT-^^§ 
fL. ;&^'97x7-^ bAm^ (Vp )by^y^y&^ 
(dp ) (7)Jt (Vp /dp ) *mXh"C. 2^tin mT^T) 

[0006] 

mimM^tcotinbi^z. mmMm^ 400 HPa^<7)ii?)^ 

1 ^-i^y^ybXo t-thb. 590 K>a mLff^m^m 

m^^L. 5&--OTSXEl:6^-21000MPa • %imi^mi^^ 

'j^mzm^<m^(^isxEni 20000 MPa • %m&x-h 

zmmmf^LXU^j:\,\ tti. #IB¥9-1049 
TSXEU4 21000 MPa • %^0i.|,M*^lB 

K^^irv^s i,(^c^. rmttmm<x hio^mmxh 
[ 0 0 0 7 ] i^^-^T. mM:bn.A mmm<^mmx\ 

?S.STS*> 590 MPaHJif-. *^oTSXEl5&^ 21000 MPa ■ % 
^:JJii7)?i.S- W-^ y X ^ * t . L i ^f^i:tYR*^70 

iim«^»fl:t>\. ^X {ix:t^;k^-cr)|i]_ht;:^^ < ^^-^ 
^^X. *^BJ{4. TS^590 MPa 
. TSXE1^21000MPa- mikit^lOXtV^o 



[0008] 

'At IX. mmsm.mizii\,X'^m-^y:Ly-! 
imtci^i^y I . ^ ^jzz(7ymmB.mxmzx 
I mmmm ^ 2 mmxmmmm. LfmzMj^-fi> z t 
i-c X 0 , imizmm^x y hi^^^^tc^^mt . -^^v 

>f K (r>^^Bmrfi^zmmiz^m i- tim 2m^tmm 
m-t^zti)^x^ . :imzxmimm<i^nfzt 

Xhh. 

1 . WiM^^XC : 0.05-0.25%. Si : 0.1 -2.0 

%, Mn : 0.5 —2.0 %. Ti : 0.05—0.3 XioXV^M : 0. 

io%OT^#* L . mm^Feid X p^mmmmm 

5g2ffli:*^^^l> mmm^ L . ±i5--K U d!i->iy x 5 
^ hcO^fe/ISe^HfefS*^' 0.8//.ni tl± 2.5^in OT. 

±Mm2mt>^±mri-°o d-±!vy xy^ hm^sn^m 
smz^tx-^^L. u^i±ie®2ffl<^Am^*^'5 

vol%J.:JUb. 20vol%JilTT\ *^'0_Iiiam2fficD|g*i¥ 
^-C 0.4A£ni aTXfytZtmmt't:^. S'S^^iSil 

[0010] 2 . ±fe 1 (cisi-i-t , ^>(c. MMb 
j^mxm : 0.1 %0.T, V : 0.5 P : 0.05%iil 

T. Cu : 1.0 Mo : 1.0 %i:XF. Ni : 1.0 %m 

T. Cr : 1.0 %iilTtiXX/B : 0.00002 -0.01%iD3*> 

h^^^fc-ri.. mmzmjmit<mvm^mm 

[ 0 0 1 1 ) 3 . ±iB 1 t?t{42 fcisv^T. H^B^^ffit 

^i#®fc-ti. . mmzmm{m<7)i&\^m^mm^!^-^ 

[ 0 0 1 2 ] 4 . WMB^mXC : 0.05-0.25%. Si : 
0.1 -2.0 %. Mn : 0.5 -2.0 %. Ti : 0.05-0.3 %t5 
Xmi : O.mjJIT^-i-^L. 3^.|.(/^t4$^>tlNb : 0.1 

%iy.T. V : 0.5 %JiiT. P : 0.05%y.T. Cu : 1.0 % 
JilT. Mo : 1.0 %mT. Ni : 1.0 %mT. Cr : 1.0 %iil 
TtSil^'B : 0.00002 -0.01%tO d *>A^/i,S^^i 1 

iO$Mt;^r 0 . Simi^\ 4^° U a-^;U7 X ^ ^ h i 0 

xmrn-y-^i-i-A V(r)ohf)-mmih imt^tzu 

2mmLX 0^l.®2ffifcA^^>^rD. ±iS*°U3"^;t 7 
x7^ hi^^J^H^H¥5@*^' 0.8;uni £JLh 2.5/zm OT*?) 



mmut:. rc/s\:j±com&mm:- 73o~78o rcofis 

15 

Ms CO = 561- 474 ■ {C%) -33 • Mn (%) -17- 

Ni (%) 

-17- Cr (%) -21 - Mo (%) 
[00 1 33 5. ±fE4t*3W>T, ^m^'^oTM-C. 

(c. ^sLimmmi 450-500 rt^o-eo^m^Lt. 

[00 1 5] 'SrtJ. Ms;^lr^i6|.±ia^+fc{i:. Ni, C 
[00 16] 

^^mz-owzmmth. wm^mx. c :o.i4 

Si : 0.7 %. Mn : 1.2 %. P : 0.010 %. S : 0.00 
2 %. Al : 0.042 %fcj;t/'Ti : 0.16%^-ir^L, SSPJi 
FefcJ:l/T^Br3iW^M!|%cOfflfi!ct^l.^i^«^rfc LX. 

1080^. mmmT^ ■. looo-c. {±±©1*^7?^^ : 

860 'Cb Ls «il : 1.4 mintzESLfc, ttJiEE 
*ITft . 0. &#f*t:80"'C/s<7)J^ai5ISTJ^a]&llte L . 
MX 0 50O'C t L/C . ^fc . f±±E@{i 7 7x ^ > 

B«H«^T-<7)i±Et-i> I) i ^ 1 5^ . % wimmu 
^z-yv^x. mmmimmitzt:ih. ^i-mm^ i.8a« 

0.3/zm £7)A-7-f bt'fe;>cy^'-f hfc3&^/^^rl.^2ffi 
^fl^-r-Sfc^t;,;^ ?|?Ilfi^^^T^\ ?I3i3iJSTS (MPa) 

xwmi (%) (7^\^^t<^fz. 

[ 0 0 1 7 ] n 1 1:. TsxEi {z-mj^nm. ■ <m^m\k 

CO.t: y ■di-)Vy X 7 ^ h iO^i^JSa^HSfl ( JilT7 X ^ 

T\ 7x7^ VmMi. JIS G 0552^*84 L/iWSt: 
[lIlItlS^LTiisBD, TSXEl^ 21000 MPa 
- XVXl.t'fhfzMzki. y^^A V'm.^ 2.5;«m Jil 



:(4) 00 1-22064 1 (P200 1-22064 lA) 



[ 0 0 1 8 ] ^is. jDSi ■ i^mm{k!^m2mii.. 

$ (f4=m$) /&no-i7 vo\%ar7)VTy^-i hhW^t 

~7.^^AVht-i^^j:hmmX%-jfz. tfz. 7x7-^ 
hWfi 2.5p.m OT<7)^{i:. ®2ffl{i:7x5>f 

^izm mmzw^ Lx^i^ LT 0 . 2 ffii^fia 

T*^T' 0.1-0.4 A'-ni Xh-jfz. MznL. 7x7^ 

2.5xim ^mthm^iim2m\mmz^^L 

X^^fZ. $^>(C. TSXEI 55^" 21000 MPa • .?c,Jil±b ^T^H 
[ 0 0 1 9 ] I12{i. TSXEU:.R{J^2ffi^^m^iO 

^»^^t/ct^oTfci>..- nm^^zii. m2ffl^^-7x7 

^■th^\>Z'OV^X^^Ltzti\ TSXElS21000MPa • 

ii^-r-s/iabm, mi^ifiy:^^^ vm-hzmnwy 

m^LX^^L. *^om2fflcOAffi^^5vol%mJi 20 

i>z^^-thLt\t^j:<. mm'it^^^sLfz. zzx. 

7x7-f hnmi 1.7//m T'^^)"?. 4/::m2ffi{iv;Ux 

@ t t ^^^i; lt v> I, t (t I. m 2 fflco 

mit 0.1-0.4 /xra x-^^o/::, 

[oo2o]ii3«i. m2mtmmi>zm^ixy :r.y 
A vm.mz^mLx\^h^<^. ii2fflio(i(^wi*^ 
Ts xEi \,zRut^^^mxh h , m 2mmi<^^m 

mfi 0.4;iiin mTOiS-^t:. TSXEljt)^" 21000 MPa • 
±fc^-i>^t30^'^^*-l>„ ^fc. 7x^^ht5@(i 1.6- 
2.0 /xm X\ W,2m±^)Vy->'^4 hfeiVyt^^cfiB 
^^->!:r-t->f h^^J^^O. ^2ffic7)d^m${±12-15 V 
ol%-f$)o/:!. 

[0021] tlJbi^lS*;^^^.. TSXEl ^21000MPa • %Jil 

±fc-ri>fci^(ct±. .t°';a'-^/i/7x7^ hA^^^rsiffi 

ioi:lf/tfzim^yt~x^i~A Vht)-^^j:^m2m^ 
^L. 7x7-^ 2.5//in OTT\ L;6^^.ll2ffl 

m2ffi^0fi/)^¥i^T- 0.4//m tJ.Tt^l.ii^Iffiafc-ril 

[0 0 2 2] ^^t\ ;c^j;3^rTSXEl;0^'iSi,^ffi 
;K'J:7"^;lx7x7^ h/&^^>4'l>±ffi^. ^<-7 

v<7)ohi)-^i:>mmih imttz\i2ma±.t-^i^t£h 
^2m^^~tmm:mxhmm.^mmt lx. mz 
tm. ■ <%mm^^m-t^bi,zx o . m2^<7)mmm^ 
'ijd;itizmstfz. 

[ 0 0 2 3 ] tnm ■ }^mmmi<zx d 7x 7-< n 

W^^Wimitth::tiiX^^j:\^(^X\ -KDMB. ■ n& 

mm^zmtimttt^j:mm<7)y3,yA hnma 2.5 
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h i^mmmzmn ^ mtimwi^w - 152544# 
Ltic^) to . mhi^zxii-mn ixim-cmzmm i 
m±(r)^T^'<7.\,zx'^oimfib ^hmmz 

[ 0 0 2 4 ] ^;T1S:. m^ltLtiWiM : 1.4 m(^mM 

mznLxim-nm\^')mmmmimLtz. t 
■f. isa^M(^mim.bimmmmsxE\iii.muz-S(. 
m%mnM'<~htz}h\>z. immmis^m.^ sr/st 
L . a ^ co^^m^mii i v^i'^nmmi^zx w^sm * 
VK -ovx-nMrno'c/sx m'c\:jy±xnm- fz. 
^Lx\ n^im 'cmtx^^'j^mi^jv^y^^ 

h-fh fz)^x% h . }Lit<mmmk(^mmz.-:i\ x . ^ 
i^TsxEi mmmmm itz'^^m4 iz^-t. mm 

I^Z^Ltzta^O. lSXE\^21000m>a ■ %tti>tlMZ 

[ 0 0 2 5 ] t/i. tummc^mis^mmf/^sxEuzmT-f 

^iEom<DP).m^i,zmt^-^xii\mi 
■ i%wmmt:mLfi. *k Lxni^titimmcoTsxEi^ 
mmb. w^mmEimmb<^mmm5iz^-t. m 

5lZ^Ltzt'.h'0 . TSxE1^21000^Pa■ Xti-^tibbl/Z 

X El i^zRiitmm^MK h tiMz . tmmcomsdM 
mi5'c/s^ 750'c. i^mmm^imtLx 

tmMm^muzm^z. m^coi^&mmx soo^cmT* 
xnmLfz. ^Kixn^^tifzmmi'Z-^'.x. tsxei^ 

±T^r C > > . TS X El ^21000MPa ■ XiiLt tt^^tliX 

[ 0 0 2 7 ] ^^t;:. •\SxEUzmWi^-^M.<^fm'km 
Klfzdbl/Z. nA'S^^XC ■ 0.13%. Si : 0.7 %. M 
n : 1.2 %. P : 0.01%. S : 0.002 %fcJ:l^'Al : 0.042 

^^i . mmaveisxvT-wM&wmmm.mz^jm 

tum&m : lOSOr.. ffiEE*§T;^S : looo-c. tb± 
M*T^S : 860 'CX\ A^ofiiEEB^OfiSS:^^ 
y F t;ov i4»a^SM^BJifiOE® I, ^ 0 mxU 
m-.lAm izmUz. ^CT)^. tt±E^^Tf*. 0.8 

mkizsQ'c/si^i^mmx^^m^m^ l . s fzmm o a 



%mfj^ 2.0/.im cOTt'^) di-jl y^^y^ h J: O^-l-iffl 
hi D^^m2ffl.h3&-^,^|.^fflfflSi(7)^«^# 

[ 0 0 2 8 ] ^ LT . nhixfzmm^ . ^^mm. ■. 5^c 

/sT«L. 760 'CT-18#fBliO%ii35!ia^iSt/ti7):^. 

m'm:rtxnms.m ■ lo-c/sx-nw-^fz. t< ix 
n^oixfzmm.^z-y\.x . tsxei^m^l. ^(^m^.^ti 
^-^Rb<7)mm:mi ^zn<f, mmi^z^sifzhn'') . ts 

XE1^21000MPa ■ Xh-f i>tz)sb\>Z},t^ Ti^0.05inass%i.:i 
± (i3mss%m<7ymiX^^^'^h'mm>h^tt^ 

[0 02 9] ^fc. 04 — TiCfeUT. TSXE1S21000M 

Pa • ^bm^tLfzmmmtmmm^fzt^^. 

-f /^7x9^ V'^^'^^^^Wi^f? O.S/fin tl± 2.5//in 

[ 0 0 3 0 ] J^i::. *^BJfct3V^T. ^^Olt^^M^HU 
C : 0.05--0.25Biass% 

C{4, TiC£0?g)St:J:|,Tii7)5§*S^Si6^h^tt;^ 2ffi 

M< i -5 r h its"/* /-c««®:t 

< t i;0. 05inass%^»-r -S^^gji^'^ ^ . L>6^ L^J&i 
Cft;5^^-tr-l.i:. ?^tt(?)m^M<<:OT'0.25ina 
ss% ^±158 i:-ri,, 
[0 03 1 3 Si : 0.1 —2.0 mass%' 

Si {4. 2mm'\<7)i}mmz:t-:^^i-^ v-co^^^im 

-tm^^t^hhfzHb. ^-^<fct0.1 niass%)35jJD-rS . 
U-L^*i^>. 2.0 mss%^mtXmuLXh^(7)^^ 
l±miL. 3XbT-yr^fH<0-C 2.0mass%^±IJBi: 

[0 03 2] Mn : 0.5 -2.0 mass% 
Mn(4. 2fflii^cDj«j;l,s-^<7)ftc0^^ffltJ;'9. ^2 
ffl^T/U^y-r^ bfcJ;t'^yt7^^{4a^^-XT^>f h 
b-t^tzMZ'Si^X-h^O. ^-^< htO.S mass%0» 

^^^fc-rs, L5&^L.^*i^>. i^mcommi. 2im(^ 
ismrn'm^^^. ?m(r)m:m%h^bif^x'%^j:<t£ 

h(7yX\ ±11^3.0 mss?4b^h. 
[ 0 0 3 3 ] Ti : 0.05-0.3 inass% 

■ <^&^mm(DMm\(^mx . ricb lx^l. 

y^yA vn^v\,zwm>z-m-'thtz^\z. 2mmzmk 
Lfzm\z\izm.b LT^fflL. ■%m\z^\^xmw^<^ 
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-ft IX m 2 i imtmm^zmti t . $xm 

(Cfi. ^^^-< ti;0.O5raass.%i7)Ti}3fe!lP5&^"ie:^T-.t,-l). L 
0.3 uia&s%^ig^T^*;)3s!lPf -^fc. Ti 

^//?l<=5rO. TSxEl^ffiT^-ttTLt 0.3 ma 

[0 0 34] Al : 0.10raass%OT 
Alii. MMM^: LT0.10inass%JilT^OKH-C»1-|.>r 
3:;iT-# h , 0.10iiiass%^Mi-C» LT i^Sft«3&^ia^a 

[ 0 0 3 5 U:J.±. ^eJiDt^toV^Ti^BBL:t5&\ 
Nb: 0.1 mass^'lJilT 

ir. mmtLxmmtmtti>(Dx\ o.i mss%]:xr(^ 

[00 3 63 V : 0.5 niass%J2JlT 

(b. ^fic?5»iSft<7)ffiT^ffi<0-t\ 0.5 niass%^ 

[00 3 7] P : 0.05mass%J^i.T 

Pl±. ^^l>zm\itlSmi^j:V^tiK 0.05niass%^Jgt-C 

mmThfiii. 2 }xmxmimB< zt^j: uzmmco 

^m\^±l>Z^MzW^-t^<r^X\ 0.05iaass%^±PSh t 
[ 0 0 3 8 ] Cu, Mo, Ni, Cr : ^ti^ti 1.0niass%OT 

cu, Mo, mioxv^crii^ix^-fi. mmm^mz%m 

V ^-filVmmt^ 1 . Omass% ^ jgi. S h iiP^jDl'l4*% 

[ 0 0 3 9 ] B : 0.0002— 0.01iiHSS% 
B (±. 0. 0002mass%Jil±£7)-^SDiGH{C*3 1 ^T^SOffi^ 

(D^^it^iB< OT\ 0. 0002-0. 01mass%i7)lifflT'mSirr 
[0040] S : 0.01mass%mT 

izm\'^tmmmT't^<^x\ o.o\mss?4i^j.Ti,zmi't 



[ 0 0 4 1 ] ;^a:. mmmc^fmmMz-:>\<^xmm 

6, 

hh. ^rfc, ^mtumM iwm) t 50\'oi%ijui 

[ 0 0 4 2 ] *f i; zf-)~}Vy X 7-^ hc^^J^^B^B^ifi : 0. 
8 urn &± 2.5;Ltm]JiT 

m2n^mEmzjmix^fS.^-\t. isxnt^ 21000 m 

Pa ■ XliitX^. YR^70%iy.Ttt-|.^^^6(C«, ;K'J 
n-feXT3tjjKT#§7x7>f Vim.<r)Tmt 0.8;uin s 

mx'hho^x 0.8/ini ^TPit-ri.. 

[0043] ^2ffli^r&«^. mmhXXf^ 

m«com 2 ffi ^ . ; a"-^;!. 7 x 5 ^ b m^a'i&^i^zm 
smzm^^itx^^'t^iSimij^hi, ztii^. 

UzJ:dl,z. mMcr)m2ni^m-thZtX. iO^^ 

mizm^m-itim^x'^^tmz. ^^i,zmtm2 
mtcomizmi ^ y •/ ^co^^mm'iizmmx^ i 
t^i^x'hh. tfz. ^2nmmmzmmLx^^hzt 
t'io. m'R<7)m2mifim.thm\,z%^'thm.\zmm 
LtzTii u ^i-ii-y X 7 ^ b ^mwrnm^mm t . mm 

kt<7y&mi>zi,m-tli}'^X$>^. W.2 

mff^mMt- 5 vol %^mxu ^ i -3 2 n(r)mt 
ffi^t--f. -MO ^o\%mrcim2mmmtm<^^ 
-t^'x^mcommmmz^^^cDx. m2m<ry 
5-20 yo\%(r)mm^z\m.~th . 

[0044] ^2fflOit§<7)T%li. ■tt;:hhm.h 

^ 2 ffl CO ^ z a)m^ t iimm<Dm 2 m 
t±mt<DmmxcommcD^i^mti^ oAum ^mii 
t.m^i fzw. 2 mcommmmz^j: o t ^xmm^ 

T^i>3t^>1-c7)T-\ ^2fflc7)1iI(J:¥%T- 0.4//m OTt 

■r-g). ®2ffl(iiis«s.s*#^-ri./iftt:, 

51««0v;Ux>-i^-f Y^ti.imB^zk'^xm'm.il-thn 
^^-X7-i--( h(Dii-h^fj\ h^vmmijJ: i9^l>ffi 

[ 0 0 4 5 ] ±j*L?>iiffiil*#l)7^^i6i7)Mit^ 

5S^Hli@5&»' 0.8-2.5 jum £7).-KU:f'-f;P7x7^ h:i»^^> 

{±2am±i ^tchm2m^^^mmmz^j:mm 
m^t Lx.tm- i%mmM. -ttch^^^m^ ■. 1 °c 

/sJ,:iJ:iOjniftlS, i^mm. ■. 730 -780 'C. %^B# 
pa : 1 -20#i?):^mig. <^M^'& : B'C/silLht-?;!^ 



!(7) 00 1-2 2064 1 (P200 1-220 64 lA) 



[0046] icOPf . Jiie«Wi^Sit^atOV^T{±. 
L^ri^*i\ Mi.tftirii<^#ifi¥ll-l52544-^^fg(.;:ms^ 

fzii-mm Lx i2oor jiJ.Ti:iPit L . -oi-^TmrnsM 

[ 0 0 4 7 ] OT. tarn ■ }^&mm^mz-:>v^xmm't 
msmm-. rc/stJLh 

mjMi>zmh ^\mmfi i "cMzmi^^j:^ ^ t . #^ 
4^^7x7^ h*«:RL., mmnz^^Ltim2m^ 

< =5r -I. COT. #?asim± 1 'C/slJIJi ^: fl. , 
[0048] ■ 730 ~780 'C. i^ilBtP^ : 1~ 

tmmii 2 mmx^'ij o mm d . m(o^^b m2m 
m^^h. mm^^miim -tso -azmmti.. tti. 
m<7)im^^x-coimmmii^ i ^p^mxn. sw&<^ 

rBij±i~2o#«^i>. 

[0049] ^i^<%mmm 5'C/si^lhXy^,^MTtX' 

m-^x. w<%mmm±5v/sa±k-t^. ttz. 

^.^MTtX-i%Miltc^-^b. m2m^'^)l-'fy^A Vi5 



<nx\ m.ff:>mmm^T^m±^^mkLfz. zz 

Ni, Cr, }^o^mMm^zm\iLt^:\^ik■^li. ^-WMmTM 

mk ixmn^tiixti^-ixc^^^^mk Lx^mixi, 

i V > L , ^ LX ^ -^tz k IX mMX% h oy 

x\ H-i^-ti(D^^mi o%k Lxn%Lx hiiVK 

Ms CC) = 561- 474- (C%) -33-Mn(%) -17- 

Ni (%) 

-17-Cr(%) -21-Mo(%) 

[ 0 0 5 0 ] =5r*3. nm&xmm^i^z^ ^^^nb 

o # SrSfet^fc' LX h . }is)^MTtX<D^i^<%mmm^ 

5v-/si:j±i.zm.^.x-^ ^^(ry-^-hmi. pmff)mmm^ 

Zk-b^X-%h. ^^A'Z^ -B, nsmTtXi^&lXl 

t tmmcowmti>iiimi-h^x\ mmm-^ § 

^^ttltiMZ 450-500 *CtC20~60#ffii^LT^)»^ 

[00 5 1 ] lif^lsjH^t/iJns^ ■ ^«Ji^^lfitl>iS 
[0052] 

immm] mn-z9iktjs.j^mmzy'j:imi. wmxm 
mi. jmmmxxyyk itzco-h. mmEmizmL 
tz. mmmi. m(fa,zt\miLfz(^h. ^B±mm 

}§M ■ 900 'Ck LT1.4 mmJf t:S@L. Bii^T*^^ 

o.mw>zm'c/s(r)Tmx'{%mn\-^. 550 -ct-^kio 
Tt. ^^iar^ffiitcj;i)#^>^i/:-iii®«s-. mm. 
mzx. S2tc:^-t^#T-ma - it^sn^Ji^^T-:-^^. 
fc. ^241. No. 18 fcov^Tfi. <^&mm<7)m^xim 

m^ib-y^^^mUz. ttz. No.19 t:oV^T{±. <^ 

fz. 

[0053] 

[jin 



!(8) 001-220641 (P2001-220641A) 



12% 


,& » IB m (massSfi) 




c 


Si 


Hi 


Ti 


M 


P 


s 


Hb 


V 




Ma 


Ni 


Cr 


B 


A 


0.05 


0.9 


1.6 


0.11 


0.042 


0.018 


0 


003 


















B 


0.09 


0.7 


l.Z 


0.13 


0.044 


0.012 


0 


005 


















C 


0.13 


1.0 


1.0 


0.18 


0.038 


0.015 


0 


003 


















D 


0.14 


0.3 


1.5 


0.16 


0.045 


0.016 


0 


004 


















E 


0.25 


0.7 


0.6 


0. 22 


D.DS1 


0.012 


0 


006 


















F 


0.03 


0.2 


1.4 


0. 18 


0.053 




0 


005 
















it«SiJ 


G 


0. 12 


0.04 


1.8 


0. 14 


0 


052 


0.017 


0 


005 


















H 


0. 11 


1. 1 


-M. 


0. 18 




040 


0.014 


0 


007 


















1 


0. 11 


0.9 




.0-02. 




044 


0.012 


0 


COS 


















J 


0.12 


1.0 


0.9 


0.35 




048 


0.015 


0 


005 


















K 


0.08 


0.9 


1.4 


0 


IS 




061 


0.034 


0 


003 


















L 


0.12 


1.1 


1.0 








060 




015 


0 


004 


0.05 
















M 


0.15 


1.2 


0.9 




18 


0.042 






0 


005 


- 


0.3 














N 


0.13 


1.2 


1.1 






0.048 


0 


016 


0 


003 


— 


— 


0.7 


— 


— 


— 


- 




0 


0.14 


1.4 


1.2 




18 


0.047 


0 


015 


fl 


008 


- 


- 


- 


0.8 


- 


- 


- 




P 


0. 12 


1.5 






17 


0.039 


0 


013 


0 


007 










as 








Q 


0. 15 


0.8 


1.5 




20 


0.049 


0 


015 




006 












0.4 






R 


0.14 


0.9 


1.3 




16 


0.042 


0 


014 






0,01 


0.2 


0.4 




0.5 


0.2 


0. 0005 




S 


0.13 


1.3 


0.8 




15 


0.046 


0 


016 




0O5 


0.02 


0.4 


0.5 


D.5 


0.9 




Q.D01I 




r 


0.11 


Kl 


1.D 




15 


0.051 


0.015 


0.004 


















u 


0.11 


1.1 


1.0 


0.15 


0.043 


0.015 


0.004 














0.0006 





[00 54] 
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»4. 


m IS n 


W fl R 




iii^L 




_(val!B_ 




JiiiL 




_«Pa)_ 


_m_ 


£1 

m 


' ^' 




JJ_ 


il±L 


— ^ 




JJ- 


JIL. 


_612_ 


_68_ 




5 


21420 


— ^ 


— 


JJ_ 


Hi 


— 




JJ_ 


J39_ 


J65_ 


_66_ 




J 


_21945_ 






JJ_ 






an£ 


JJ_ 


_4M_ 


J^L- 


_65_ 




10 


_22350_ 


— L- 


— 

-i- 


jj_ 


M + A 






JJ_ 


_m_ 


JB7_ 








_19923_ 






1,8 




X 










... 




0 


., 




— 

— 


jj- 


M + B. 






JLL 


f—~ 

lJ3l_ 


781 


68 






18744 






1.9 


M 


X 






436 


660 


.. 






19800 




— 


3J_ 


M 


19 




— 


443 


652 


68 _ 






19S6Q 




— 


I.B 


M + B 


17 






473 


630 


75 






1701O 




— 


1.8 


M + A 


18 


mm 


0.1 


483 


721 


67 






21530 


a^ffi 


— 


1.9 


M + A 


16 


Milvi 


8.1 


48S 


735 


SB 






21315 




12 


2.0 


M + A 


15 


MJ« 


0.4 


472 


726 


55 






21780 




JL 


1.8 


M + A 


13 


au« 


8.i 


490 


742 


66 


29 


21518 




_1L 


1.8 




" 


an* 


fl.2 


467 


730 


64 


31 


22630 




_!L 


l.T 




17 




a.} 


495 


728 


68 


30 


2)840 




JL 


l.fi 


M+A 


15 




0.3 


4iJ 


7J0 


66 


29 


21170 




JL 


1.7 




12 


9lrl« 


0.2 


474 


707 


67 




21917 


— 1_ 


JL 


1.8 


M + A 


IS 


«;!« 


0.3 


462 


700 


66 


31 


21700 




JL 


1.9 


M + A 


'* 


iniw 


0.3 


461 


648 


6S 




21638 




JL 


1,5 


M + A 


IB 


Mil« 


0.3 


5» 


824 


65 


26 


21424 


— I— 


JL 




M + B 


JL 


«iltt 


0.6 


444 


5(9 


74 


31 


17639 




JL 


1.8 


M + B 


J_ 




— 


449 


591 


76 




17730 




JL 


1.9 


Jl+£. 


H 




0.3 


472 


638 


74 


30 


19140 




JL 


U- 


M 




«rltt 


0.3 


425 


625 


68 


32 


20000 




25 


1.7 


M + A 


18 


«;I4« 


0.3 


536 


734 


73 


25 


18350 




26 


2.3 


M + A 


9 




0.3 


428 





65 


33 


21714 




27 


2.0 


M+A 


13 


«rl« 


0.3 


441 


649 




33 


21417 




28 


l.« 


M + A 


14 


mutt 


0.2 


442 


660 


67 


32 


21120 




JL 


1,9 




n 


M'M 


0.3 


439 


645 


68 




21930 




JL 


















34 










M+A 




«H« 


0.3 


43« 


672 


64 


35 


23520 




32 


1.7 


M+A 


16 




0.3 


42T 


M7 


66 


33 


21351 




33 


1,9 


M + A 


H 




0.3 


448 


689 


65 


31 


2)359 




34 


1.5 


M+A 


IS 




0.3 


449 


680 


66 




21760 




35 


1,8 


M + A 


u 


«n« 




4JT 


652 




33 


21516 






1.6 


M + A 






0.3 


4» 


655 


56 


33 


21615 





[00 5 7] m2i5^U'm3-fy^i^m^t^''j:Xd 

mmmnuxxm. ^<7)m^. TsxEi^2ioooMPa- 

[00 58] 

1000 MPa • ?6Jil±fcl,^dMf^'^S-f*l/=VS7>.X^ftt 



m 1 ] TsxEitas'i-. urn, ■ <%mmim7 3i y 

[112 3 TSxEKcaa't-. ll2ffli7),^^$c7)^^^S^ 

-rmxhh. 

[114 ] TsxEii3j;mR(cs.at. jp,^ • ^a^EO-ai^ 
[ n 5 ] Ts xEu;:.as'-f-. » • nmmmc^m^ 
[ n 6 ] Ts xEi izRiit. tm ■ i^simmm<7)i%wm 



(ai))01-220641 (P2001-220641A) 





[01] 


30000 
















1 (MPa 




•nt;^ 


^ 10000 













[US] 




0 5 10 15 20 25 
^2ffi©fia? CvolJS) 



0 0.2 0.4 0.6 0.8 1.0 




30000 










20000 








10000 








0 




1 1 1 1 






650 700 730 750 780 800 850 



1 5 10 



0 0.05 0.1 0.2 

(mass*) 
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7n> h^—'JcoB^ 

(51) Int. CI. ^ mm^ PI (##) 

C2 3C 2/2S C2 3C 2/28 

(72) F^-A(##) 4K027 AA02 M23 AB28 AB42 AC12 

=f'mm=f-miii'¥^wmmimm mm \a3mim2m8 

m^^^immm^Pfif^ mSl EAOI EA02 EA05 EA06 EAll 

EA13 EA15 EA17 EA19 EA20 
EA23 EA27 EA28 EA31 EA32 
EB09 FM04 GA05 



